Objective To investigate the usefulness of computed tomography venography (CTV) for evaluation of leg swelling, especially deep vein thrombosis (DVT), in rehabilitation patients. Methods A hundred twenty-three patients, who had performed CTV performed because of suspected DVT in our clinic, were enrolled. We performed chart reviews retrospectively and categorized CTV findings as follows: DVT distal to inguinal ligament and no compression lesion; DVT proximal to inguinal ligament and no compression lesion; DVT distal to inguinal ligament and anatomical variant (for example, May-Thurner syndrome); DVT due to compression of mass (cancer or cyst); DVT and other incidental abnormal finding; and no DVT and other possible causes of leg swelling. Results DVTs were found in 65 (53%) patients. DVTs were found at distal level (thigh or lower leg) to inguinal ligament in 47 patients. DVTs were found at proximal to inguinal ligament, usually undetectable with duplex ultrasonography, in 6 patients. DVTs caused by external compression, such as femoral vein and cancer mass, were found in 12 patients (10%), which are also not easily detected with duplex ultrasonography. Other various causes of leg edema without DVT were found in 22 (18%) patients. Conclusion CTV can evaluate more extensively venous problems in the pelvis and abdomen and detect other possible causes of leg swelling. Therefore, CTV can be a useful tool not only for easy detection of DVT but also for evaluating differential diagnosis of leg edema in rehabilitation patients.
INTRODUCTION
Leg edema is a common problem. Edema is defined as a palpable swelling caused by an increase in interstitial fluid volume. There are many causes of leg edema, such as deep vein thrombosis, venous insufficiency, pulmonary hypertension, heart failure, and idiopathic edema. In the United States, the most common cause of acute unilateral leg edema is deep vein thrombosis [1] .
Deep venous thrombosis (DVT) is part of the spectrum of venous thromboembolism (VTE), with thrombi in the limbs predisposing to pulmonary embolism (PE). The mortality rate for PE following DVT ranges from 5% to 37% in untreated patients and is about 6% among patients treated with anticoagulation after diagnosis [2] [3] [4] [5] . PE in stroke patients may cause a higher mortality than that in other clinical settings [6] . DVT is also present in a significant proportion of patients during the rehabilitation phase of stroke and the risk is reported to be greater in those who are more immobile. In a study of 150 patients with subacute stage of stroke, bilateral venography revealed DVT in 33% [7] . The prevalence of DVT in Korea was reported to be 4.17% in rehabilitation patients with hemiplegia [8] and 5.7% in spinal cord injury patients [9] . Therefore, detection and early treatment of DVT are very important for patients in rehabilitation units. Despite accounting for 300,000 to 600,000 hospitalizations in the United States annually, venous thromboembolic disease is quite difficult to diagnose clinically [10] . Due to the deficit of sensory function and communication difficulty of patients in rehabilitation units, leg swelling is sometimes found late and the clinical diagnosis of DVT can be difficult.
Conventional venography, widely accepted as the best test for detection of lower extremities DVT, is invasive and is, recently, less routinely used. Duplex ultrasonography, a non-invasive test without radiation and contrast material, has replaced conventional venography in the investigation of patients with suspected DVT [11] , but duplex ultrasonography of the calf veins was time-consuming and dependent on the operator's experience. In addition, the small isolated thrombi confined within the calf vein were easily ignored [12] .
Due to the development of technology the venography using multidetector computed tomography with enhancement was introduced. Reported sensitivity of computed tomography venogram (CTV) has varied between 89% and 100%, whereas specificity has ranged from 94% to 100% [11] . Goodman et al. [13] reported 95.5% concordance between CTV and venous compression sonography for the diagnosis or exclusion of DVT and similar diagnostic results of CTV and sonography. CTV and sonography were similar; CTV was reported to be an accurate modality for the assessment of femoropopliteal DVT in comparison with lower extremity duplex ultrasonography and CTV was reported to have the advantage of providing information of proximal vasculature, including the inguinal ligaments and inferior vena cava [14] . We supposed that CTV can provide more information about proximal veins in abdomen and pelvis and various conditions of lower leg vasculature than duplex ultrasonography.
This study is purposed to investigate the usefulness of CTV for evaluation of leg edema that was suspected to be DVT.
MATERIALS AND METHODS
We retrospectively reviewed the medical records of patients who had CTV with the impression of DVT because of acute leg edema from 2009 to 2012. Data of 123 patients were collected. We included the patients who underwent CTV for the initial evaluation just after leg swelling. We excluded six patients who did not have D-dimer test. We investigated the demographic and clinical characteristics (age, gender, body mass index [BMI], primary diagnosis, and underlying diseases). In addition, we obtained clinical data about characteristics of DVT, such as level of DVT presence of PE, location, and anatomic level of DVTproximal/distal to inguinal ligament-and risk factors including surgery (recent), trauma (major trauma or lowerextremity injury), cancer, immobility, lower-extremity paresis, venous compression (tumor, hematoma, arterial abnormality), age, obesity, central venous catheterization, previous VTE, and antiphospholipid syndrome [15] . The subjects were 50 men and 67 women, and their mean ages were 63.0±16.4 years. Underlying diseases before performing CTV were various-stroke, cancer, spinal cord injury, venous problem including varicose vein, lymphedema, arterial thrombosis and just lower extremity swelling.
CTV was performed on a 64-channel multidetector row
www.e-arm.org helical CT scanner (SOMATOM Sensation 64; Siemens, Forchheim, Germany) with about 140 mL of contrast medium (Ultravist; Bayer Schering Pharma AG, Berlin, Germany) at a rate of 4 mL/sec by means of a power injector through a 18-to 20-guage intravenous catheter in the antecubital vein. CTV was started three minutes after contrast medium injection from foot to diaphragm with the following parameters: collimation of 64×0.6 mm in fast mode, rotation time 0.37 seconds per gantry rotation, and a pitch of 0.7. Five-millimeter-thick axial images were reconstructed without intersection gap. DVT was defined as a low-attenuating partial or complete intraluminal filling defect surrounded by a high-attenuating ring of enhanced blood that was seen on at least two consecutive transverse images [16] . D-dimer is a degradation product of cross-linked fibrin blood clot. Elevated levels of D-dimer occurred with acute thrombosis. The D-dimer test is used as a screening test for VTE, but this test does not discriminate between physiologic or pathologic thrombi [17] . The D-dimer test was conducted at the same time with CTV. For the D-dimer test, a venous blood sample was collected into a test tube containing sodium citrate, and tested with the D-Dimer PLUS (Siemens). A D-dimer level above 324 mg/ L was considered positive.
We categorized CTV findings as follows: 1) DVT distal to inguinal ligament and no compression lesion, 2) DVT proximal to inguinal ligament (inferior vena cava and renal vein), 3) DVT due to anatomical variant (for example, May-Thurner syndrome), 4) DVT due to compression of mass (cancer or cyst), 5) DVT and incidental abnormal finding of other organ, and 6) no DVT with other possible causes of leg swelling.
Statistical analyses were performed using t-test for continuous numeric variables and chi-square test for not continuous variables in order to compare the differences between the DVT group and no DVT group. We performed ANOVA test to identify the difference of D-dimer values among DVT distal to inguinal ligament group, DVT proximal to inguinal ligament group, no DVT with other cause group and no DVT without other cause group. All statistical analyses were performed using SPSS-K ver 20.0 (IBM SPSS Inc., Armonk, NY, USA).
RESULTS
Among all 117 patients who underwent CTV, DVT was found in 65 patients. As described in methods, we classified patients with DVT into five groups. Group 1, DVT distal to inguinal ligament and no compression lesion, had 47 patients, and most patients were included in group 1. Group 2, DVT proximal to inguinal ligament and no compression lesion, had six patients. Group 3, DVT was caused by venous compression with anatomical variant, had eight patients. Group 4, DVT with cancer mass, had three patients. The location of DVTs in groups 3 and 4 was similar to group 2 in that they were placed proximal to inguinal ligament. Therefore, CTV could detect, not A B Fig. 1 . The computed tomography venography reveals low signal intensity lesion, which means deep vein thrombosis (DVT), inside of right iliac vein (arrowhead) (A) and the well enhancing mass lesions at right lower abdomen (white arrow) compress right external iliac vein (arrowhead) proximal to DVT lesion (B).
www.e-arm.org only DVT itself, but also underlying lesions causing DVT in 11 patients. In one patient, CTV revealed the DVT at right iliac vein and lower abdomen mass, which was later diagnosed as recurrence of uterus cancer, compressing right external iliac vein (Fig. 1) . Group 5 included one patient, and cholangiocarcinoma was incidentally found in addiction to the location of his DVT so that the patient was referred to the department of general surgery (Table 1) . DVT was not found in 52 (47%) patients, and other various causes of leg edema without DVT were found in 22 (18%) patients (group 6). Thigh and gluteal muscle problems were found in seven patients; thigh muscle tear with hematoma were found in five patients. Muscle abscess was found in one patient and gluteal muscle hematoma after hip surgery was found in one patient. Superficial vein dilatations were found in seven patients and might be related to varicose vein or venous insufficiency. Venous compressions in pelvis were found in two patients: ganglion cyst compressing femoral vein (Fig. 2) and anatomical variant without DVT. CTV also detected incidental abnormal findings not related to DVT and leg edema in six patients-leg multiple artery stenosis (two patients), abdominal aorta aneurysm with multiple leg artery stenosis (one patient), right iliac artery focal aneurysm (one patient), kidney lesion (acute pyelonephritis, one patient) and calf muscle mass (one patient).
The clinical characteristics and risk factors were compared between DVT group and no DVT group. DVT group were female predominant (n=40) with a mean age of 63 years. DVT was not found in 22 patients with a mean age of 54 years and both male and female had similar numbers. BMI was 23 www.e-arm.org differences in age, gender, and BMI. Risk factors of DVT in DVT group were similar to those in no DVT group. In DVT group, nine patients had no risk factors of DVT; however, lower extremity paralysis, one of the most usual risk factors of DVT in rehabilitation patients, were 40% in no DVT group. Cancer and trauma were a significantly higher proportion in DVT group than in no DVT group, despite the small numbers ( Table 2) . We classified patients into four groups: distal DVT group (groups 1 and 5), proximal DVT group (groups 2, 3, and 4), no DVT with other possible cause of leg edema (group 6), and no DVT. The distributions of risk factors in these four groups were also similar, as shown in Table 2 and Fig. 3 .
D-dimer was used as screening tool for DVT. The level of D-dimer was significantly higher in the DVT group (1,377.4±1,647.37 mg/L) than no DVT group (660.5± 1,249.83 mg/L) (p=0.011). The D-dimer values were compared among four groups: distal DVT group, proximal DVT group, no DVT with other possible cause of leg edema, and no DVT. The D-dimer was significantly higher in proximal DVT group (groups 2, 3, and 4) than the other group (Fig. 4) . Fig. 3 . The graph shows distributions of risk factors of VTE among four groups: DVT (+) distal, DVT distal to inguinal ligament; DVT (+) proximal, DVT proximal to inguinal ligament (in abdomen/pelvis) or with compression of other structures; DVT (-), no DVT detected; and DVT (-) other causes, no DVT and other causes of leg swelling detected). The relative proportion of LE paralysis in DVT (-) and DVT (-) with other cause groups was higher, similar to DVT (+) group. Therefore in the patients with LE paralysis usually present in the department of rehabilitation there are various causes of leg swelling and some causes can be found more easily by computed tomography venography than other study. DTV, deep vein thrombosis; VTE, venous thromboembolism; LE, lower extremity. 
DISCUSSION
The data of this study showed the various usefulness of CTV in leg edema with suspect of DVT. The first advantage is the detection of proximal DVT (proximal to inguinal ligament), which cases were 16 subjects and occupied 33% of all cases of DVT and of which 11 patients were also diagnosed to have PE. The location of DVTs in group 2 was inferior vena cava and common iliac veins, and DVT of these sites is supposed to be hard to detect with duplex ultrasonography. As previously mentioned, the duplex ultrasonography has been considered as a valuable screening tool for detection of DVT, and CTV and duplex ultrasonography have similar specificity and sensitivity [11] . We think that the limit of duplex ultrasonography is the difficulty in examining veins in abdomen and pelvis. In aged persons, great vessels in the abdomen and pelvis are usually tortuous and abdomen distension is frequent due to decreased skin elasticity. Moreover, in obese or edematous persons, abundant subcutaneous fatty tissue usually disturbs the examination of deep structures, including vessels because of higher echogenicity.
The second advantage of CTV is the ability of detecting direct cause of DVT. In group 3 and group 4, CTV showed the direct cause of DVT, including anatomical variant and compressing mass. In group 3, the cause of DVT in seven patients was the anatomical variant, which is called May-Thurner syndrome. May-Thurner syndrome is a condition in which the left iliac vein is compressed by the right iliac artery. It was hypothesized to be due to chronic compression of the left iliac vein between the right common iliac artery and L5 vertebral body. Direct visualization of the iliac veins by duplex ultrasound in the pelvis can be difficult because of overlying pelvic organs and bowel gas [18] . Chung et al. [19] reported that 45 of 56 patients had a detectable abnormality that was at least partly responsible or acute DVT with spiral CTV, and they also reported that 27 of 44 patients with acute iliofemoral DVT had findings of May-Thurner syndrome detectable on CT. In group 4, cancer mass compressed the vein and that was the direct cause of DVT. In two patients, who had been diagnosed in the remission state from underlying cancer, the mass compressing vein in pelvis was detected, which were later identified as cancer recurrence. One patient who had a uterus cancer was referred to our department for leg swelling with suspect of lymphedema, but relatively sudden swelling brought the need for differential diagnosis of DVT and the CTV revealed the existing cancer mass extension causing compression of iliac vein.
The third advantage is the incident detection of other pathologic finding in the abdomen. In our analysis, there was just one case detecting cholangiocarcinoma. At that time the patient had no symptoms and signs in abdomen as well as no jaundice. Cancer is one of major risk factors of DVT [15] , and this patient had a hidden risk factor.
The fourth advantage is the detection of other possible causes of leg edema besides DVT. Group 6 had 22 www.e-arm.org patients and occupied 18% of all subjects and 42% of all no DVT group. Especially seven patients (32% in group 6) had a muscle problem in thigh or buttock. This point is very important to patients with paraplegia or tetraplegia. Causes of leg swelling are various and differential diagnosis of leg swelling in spinal cord injury patients are DVT, muscle tear, hematoma, heterotopic ossification and fracture [20] . Among them, DVT is most fatal, and the detection of the presence or absence of DVT is the first step with duplex ultrasonography. However, with duplex ultrasonography, there is certain limitation in detecting all other differential diagnosis. CTV can show the abnormality of bone, muscle, and other abnormality of various structures, including muscle abscess, ganglion cyst, hematoma from muscle tear, and heterotopic ossification ( Table 3 ). The patients with complete paraplegia or tetraplegia often cannot complain of pain in the lower extremity from muscle tear, which often occurs during stretching exercise, during transfer, and at falling. They or their caregivers often find the swelling of leg and then visit the hospital. Therefore, the patients of lower extremity paralysis need an expansive examination of lower extremity and pelvis to find the cause of leg edema, and the CTV is the most suitable examination tool for them. One case in group 6 was ganglion cyst of hip joint compressing right femoral vein. The patient came to the hospital with complaint of just right leg swelling without other symptoms and any underlying disease. CTV found a low signal intensity mass compressing right femoral vein (Fig. 2) , and surgeons removed the mass, which was concluded as ganglion cyst rising from hip joint, and simultaneously performed balloon angioplasty. At three months after surgery and intervention, the swelling of leg decreased to the similar size of contralateral side. Therefore, CTV can find other various causes of leg edema besides DVT.
D-dimer is a specific fibrinolysin-mediated breakdown product of cross-linked fibrin and is nowadays usually used as a screening tool for DVT. Although this assay has a high sensitivity, it has low specificity. It is also elevated in a number of other common clinical situations, such as liver disease, pregnancy, recent trauma or surgery, cancer, massive bleeding, multiple traumatic injuries, and so on. D-dimer concentration increases with age and its specificity for embolism decreases [21] . In reha bilitation inpatients, D-dimer testing can be used as a routine screening test or to assess cases of suspected DVT [22] .
Several studies indicate that the D-dimer assay can be applied as a simple, inexpensive screening test for VTE. A cutoff value of D-dimer in our hospital was 340 (mg/ L). Harvey et al. [23] showed that a D-dimer level ≤1,092 ng/mL can exclude the presence of DVT in stroke rehabilitation patients. The D-dimer cutoff point up to 1,092 ng/mL showed both sensitivity and negative predictive value to 100% but specificity to 66% and positive predictive value to 31%. D-dimer values of each patient were various and the analysis with comparison DVT group is statistically higher than no DVT group, which is similar to previous reports. Among the four groups, D-dimer level in proximal DVT group is statistically higher than in the other groups. Therefore, with consideration of low specificity [22] , when D-dimer value is high, we should suspect DVT located in both iliofemoral vein and proximal veins, and sometimes, we should suspect DVT associated with cancer.
Despite the absence of direct comparison with duplex ultrasonography, we suggest that CTV has a good advantage of detection of proximal DVT and also the abnormality of other structure or mass compressing the vein located in the abdomen and pelvis, and CTV is thought to provide more information of abdomen and pelvic lesion, which is a possible cause of acute leg edema, than duplex ultrasonography.
This study has several limitations. The first limitation is that this study was a retrospective review and we did not compare the diagnostic capability of CTV with duplex ultrasonography. Therefore, we cannot definitely insist that CTV is more useful in diagnosis of DVT than duplex ultrasonography. If we performed CTV and duplex ultrasonography in the same patient at similar times the diagnostic advantages of CTV over duplex ultrasonography, which are described above, could have been proven. The second limitation is the heterogeneity and small numbers of subjects. The subjects were included with just leg swelling and their underlying disease were various from healthy persons to tetraplegia patients. If we had included more subjects, we could have analyzed various characteristics of DVT occurrence and the influence of risk factors in each group of patients according to underlying disease and the severity of paralysis. For example, previous studies about characteristics of DVT in stroke or spinal cord injury patients used either venography or duplex ultrasonography as a diagnostic tool. However, if we www.e-arm.org performed CTV as a diagnostic tool in many patients with stroke or spinal cord injury, the prevalence or incidence of DVT could be reported higher than for previous studies in Korea.
In conclusion, CTV can evaluate venous problems in pel vis and abdomen more extensively and can be perform ed more easily and for shorter duration than duplex ultrasonography. Moreover, CTV can detect other possible causes of leg swelling, which are difficult to obtain with ultrasonography. Therefore, CTV is a very useful diagnostic tool for leg swelling, especially in rehabilitation patient with stroke and spinal cord injury, who usually suffer from swelling in paretic leg or asymptomatic DVT because it is hard for such patients to complain of leg swelling.
